Outpatient anterior cervical discectomy and fusion (ACDF) is a promising candidate for US healthcare cost reduction as several studies have demonstrated that overall complications are relatively low and early discharge can preserve high patient satisfaction, low morbidity, and minimal readmission. 1.285, P < .05; inpatient OR 1.289, P < .0001) and readmission (ambulatory OR 1.746, P < .0001; inpatient OR 1.685, P < .0001). Overall charges were significantly lower for ambulatory ACDFs ($33 362.51 vs $74 667.04; P < .0001). CONCLUSION: ACDF can be performed in an ambulatory setting with comparable morbidity and readmission rates, and lower costs, to those performed in an inpatient setting.
setting, given that it is a common procedure that has been shown in the literature to have a low complication rate and early patient discharge in many cases. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Before this cost-reduction strategy can be widely adopted, outpatient ACDF must demonstrate "noninferiority" and produce equivalent or superior outcomes while maintaining patient satisfaction and reducing cost. 15, 16 The Healthcare Cost and Utilization Project (HCUP) provides state-level encounter and clinical data for all ambulatory, inpatient, and emergency department visits. We retrospectively studied demographics, 30-d outcomes, cost, and predictors of readmission and reoperation after 1-and 2-level ACDF performed in an inpatient and ambulatory setting in 3 highly populated states over a 3-yr period.
METHODS

Patient Selection
An ambulatory or inpatient index procedure was defined as the first discharge record appearing in the HCUP of the US Department of Health and Human Services' Agency for Healthcare Research and Quality State Inpatient Databases (SID), 17 the State Ambulatory Surgery and Services Databases (SASD), 18 and the State Emergency Department Databases (SEDD) 19 in the 3-yr study period that contained ICD-9 or CPT procedure codes for initial, nonrevision ACDF. These databases contain records of every patient discharge from an inpatient facility, an ambulatory surgery center, or an emergency department, respectively, in a given state in a given year. Additionally, patients with diagnoses on record indicating central nervous system (CNS) neoplasm, CNS infection/inflammatory process, or trauma to the spine or spinal cord, or patients with a flag indicating the presence of any ICD-9 E-codes (representing external injury), were excluded. For each included discharge record, the Charlson Comorbidity Index (CCI), a weighted comorbid illness severity score, 20 was calculated. The number of vertebral segments on which ACDF was performed was recorded for ambulatory index procedures only, as only codes in the CPT system are granular enough to distinguish 1-, 2-, and 3-level ACDF procedures (vs ICD-9, where 1-and 2-level procedures are indistinguishable). IRB/Ethics committee approval was not applicable; however, all researchers completed the HCUP Data Use Agreement Training Course and signed the user agreement. Patient consent was not applicable as the source data referenced de-identified patients in a national database.
Outcomes Analyzed
Using visit linkage and event timing variables, reappearances in SASD, SID, or SEDD after index procedure in SASD or SID were identified and classified as ED visit, inpatient readmission, inpatient reoperation (as indicated by ICD-9 procedure codes representing revision ACDF, hematoma incision and drainage, debridement, other wound complication repair, or esophageal repair), ambulatory readmission, or ambulatory reoperation. For each subsequent patient appearance in the 3 databases, primary diagnosis was categorized into a complication category (infection/hematoma/disruption/dehiscence of wound or complications from implant and routine postoperative care; neck pain/injury, radiculopathy, and cervical spinal degenerative disease; laryngeal and airway complications; dysphagia and esophageal complications; and other). Total charges associated with ambulatory or inpatient index procedure and any reappearance in SASD, SID, or SEDD over a 90-d period was calculated. Actual costs of index ACDF procedure were calculated in the inpatient setting by dividing total charges associated with the hospitalization by the cost-to-charge ratio (CCR) as provided by HCUP. No CCR information is provided for outpatient procedures; for procedures performed in an ambulatory surgery center affiliated with an inpatient hospital (also known as hospital outpatient departments; HOPDs), the inpatient facility's CCR was used. For unaffiliated, freestanding outpatient surgical centers, CCR was estimated by multiplying the average CCR for HOPDs in a given state and a given year by that year's estimated cost differential between inpatient units and HOPDs, as provided by the Ambulatory Surgery Center Association.
Data Analysis
Descriptive statistics were calculated for age, mortality, CCI, number of diagnoses on record, number of chronic conditions, time to emergency department (ED) presentation, time to inpatient readmission and/or reoperation, time to ambulatory surgery center readmission and/or reoperation, and 90-d total charges. For selected analyses, patient cohorts were stratified into groups with CCI = 0 and CCI > 0. Chi-square tests were used to compare categorical variables such as patient demographics, ED admission rates, and inpatient readmission/reoperation rates. Kolmogorov-Smirnov tests were performed to determine that the distributions of age, CCI, number of diagnoses on record, number of chronic conditions, length of stay (LOS), 90-d total charges, and actual costs were nonnormal; therefore, Wilcoxon-Mann-Whitney tests were used to compare these variables. Logistic regression was used to model the odds of ED visits, readmissions, and reoperations based on number of levels fused and, independently, based on zero vs nonzero CCI. Stepwise model selection was used to define a multiple linear regression model that was then used to assess the relationship between 90-d total charge and patient demographics and comorbidity indicators. The FarringtonManning score test with noninferiority margin M = 0.1 was used to determine noninferiority of ambulatory vs inpatient ACDF in terms of postoperative outcomes. The noninferiority of ambulatory vs inpatient ACDF was concluded when the lower confidence bound of the risk difference (inpatient -ambulatory) is greater than -0.1.
RESULTS
Patient Population
A total of 46 996 index procedures were identified in the SID compared to 3135 procedures in the SASD. The populations were significantly different as outlined in Table 1 . SID patients had an average age of 53 yr compared to 48 yr in the SASD group (P < .0001). SID patients were 53% female compared to 50.8% in SASD (P = .0163) and were 78.7% Caucasian compared to 85.7% in the SASD cohort (P < .0001). With respect to primary payer, With respect to primary payer, 56.25% of SID patients utilized private insurance compared to 67.9% in the SASD group (P < .0001). The 2 groups also differed in medical comorbidities. Average CCI for SID patients was 0.37 compared to 0.17 in SASD (P < .0001). This difference was also conserved in the total number of diagnoses on record and number of chronic conditions on record in SID vs SASD (4.8 vs 3.1, P < .0001; 3.2 vs 2.1; P < .0001), respectively. The most common preoperative primary diagnoses for SID were intervertebral disc disorder with myelopathy, cervical region (15.8%), followed by cervical spondylosis without myelopathy (14.7%) and with myelopathy (12%). The most common SASD primary preoperative diagnosis was displacement of cervical intervertebral disc without myelopathy (56%) followed by cervical spondylosis without myelopathy (12.6%; Table 2 ). In the SASD cohort, CPT codes enabled stratification by number of ACDF levels as follows: 1-level 57.96%; 2-level 36.52%; and 3-level: 5.52%. 
Patient cohorts are also stratified by CCI of zero or greater than zero. Cohorts differ significantly in LOS and distribution of postoperative disposition; mortality rates are not significantly different.
Perioperative Outcomes LOS, disposition, and mortality were analyzed in SASD and SID cohorts (Table 3) . LOS was lower in the SASD group compared to SID (0.36 d vs 1.78 d, respectively; P < .0001). To adjust for differences in patient comorbidities, patients were stratified into groups of CCI of zero and greater than zero. The significance of difference in LOS was conserved when populations were stratified into CCI zero vs nonzero groups. Overall, 98.6% of SASD patients were discharged while 10 (0.3%) were transferred to a short-term hospital. No patients died in the SASD cohort while 20 deaths (0.04%) were reported in the SID cohort.
ED Visits Within 30 d
Of the ambulatory (SASD) cohort, 168 patients presented to the emergency department on 197 occasions (5.359%; Table 4, Figure) . Average time to presentation was 11. comparing a CCI of zero vs nonzero, the percentage of ED visits within 30 d was 5.2% vs 6.4% (not significant; Figure) . Cervicalgia was the most frequent diagnosis cited as reason for visit (24.87%) followed by chest pain (4.57%), postoperative pain (3.55%), and dysphagia (2.54%). For the inpatient (SID) cohort, 2607 unique patients presented in 2976 ED encounters (5.547%) within 30 d. Mean time to presentation was 9.7 d. When stratified into CCI zero vs nonzero groups, 5.3% and 6.1% of patients experienced an ED readmission, respectively (Figure) . Cervicalgia was again the most common visit diagnosis (13.65%), followed by postoperative pain (3.19%). Fifty-nine patients presented with dysphagia (1.98%).
Readmissions Within 30 d
Readmission rates were also identified for SASD and SID groups (Table 4) . Fifty-one (1.6%) unique patients who underwent ambulatory ACDF were readmitted to an inpatient hospital after the date of the index procedure; 1.58% of patients with CCI of 0% and 1.9% of patients with CCI greater than zero were readmitted within 30 d (Figure) . Time to readmission averaged 11.2 d and most common visit diagnoses were postoperative infection (11.11%), seroma complicating a procedure (7.41%), and hematoma complicating a procedure (5.56%). Two patients presented for dysphagia (3.7%).
A total of 1778 (3.78%) unique patients whose index procedure was inpatient were readmitted to an inpatient setting 1968 times following the index procedure, representing 2.94% of CCI zero patients and 5.96% of CCI nonzero patients. Mean time to presentation was 6.3 d. The most common visit diagnosis was care involving other specified rehabilitation (28.11%) followed by postoperative infection (3.8%), hematoma complicating a procedure (3.65%), and cervical spondylosis with myelopathy (3.34%).
Patients undergoing inpatient ACDF were significantly more likely to have an inpatient readmission at 30 d compared to the ambulatory group (P < .001). This effect was maintained when stratified into CCI zero and nonzero groups (Figure) .
Reoperations Within 30 d
Five patients (0.16%) underwent a reoperation after the outpatient index procedure. Mean time to reoperation was 10.8 d. Three out of the 5 reoperations occurred within 1 wk. Three patients carried the diagnosis of postoperative infection, 1 had seroma complicating a procedure and 1 had "other mechanical complication." Two-hundred unique patients (0.43%) underwent 201 operations after inpatient index ACDF (0.40% with CCI zero and 0.5% with CCI nonzero; Figure) . Average time to reoperation was 12.5 d. Seventy-two patients underwent reoperation within 1 wk, including 7 patients who underwent reoperation the same day. Most common visit diagnosis was cervical spondylosis with myelopathy (20.5%), followed by mechanical complication (13%), postoperative infection (11%), and hematoma complicating a procedure (10%). Patients undergoing inpatient ACDF were significantly more likely to undergo a reoperation (P < .05). However, this effect was not preserved in CCI stratified subgroups.
Noninferiority Analysis
Ambulatory ACDF was noninferior (margin = 0.1) to inpatient ACDF in terms of mortality, 30-d ED visits, 30-d inpatient readmissions, and 30-d reoperations for all patients as well as patients stratified by CCI (all comparisons P < .0001) as the lower confidence bounds of all differences (inpatientambulatory) were greater than -0.1 ( Table 5) .
Predictors of Readmission and Reoperation
Using CPT procedure codes in SASD, we stratified patients by how many levels were fused. Number of fused levels was a predictor of readmission into an inpatient setting at 30 (P < .05; odds ratio [OR] 1.699) and 90 d (P < .001; OR 1.692). Number of ACDF levels was also a significant predictor of reoperation at 30 (P < .5; OR 4.909) and 90 d (P < .001; OR 3.266).
When stratified by CCI, CCI greater than zero was a significant predictor of ER readmission in the ambulatory cohort (P < .05; OR 1.285) and inpatient group (P < .0001; OR 1.289; Table 6 ). CCI greater than zero was also a significant predictor of readmission in ambulatory (P < .001; OR 1.746) and inpatient cohorts (P < .001; OR 1.685). CCI was not a significant predictor of reoperation for ambulatory patients but patients with CCI greater than zero in the inpatient setting were slightly more likely to undergo a reoperation (P < .01; OR 1.160).
Charges, Costs, and Predictors of Charges
In examining 90-d cumulative charges (USD), overall charges were significantly lower when ACDF was performed in the ambulatory setting ($33 362.51 vs $74 667.04; P < .0001). The difference remained significant when CCI zero and CCI greater than zero populations were compared separately (Table 7) . Outpatient ACDF was also associated with a lower average actual cost vs inpatient ACDF ($9305.57 vs $15 624.63; P < .0001). For institutions with both inpatient hospitals and attached outpatient departments, we also compared the mean cost of ACDF performed at either location. Costs were more than 2-fold higher for inpatient ACDF ($19 465.55 ± $7974.73) vs outpatient ACDF performed at the same institution ($9479.25 ± $3675.04; P < .0001, n = 247 pairs).
In the ambulatory cohort, race, median household income national quartile for patient ZIP code, rural-urban continuum location, number of diagnoses on record, number of chronic conditions, and number of levels fused were significant predictors of 90-d cumulative charges in a multiple regression model (Table 8 ). In the inpatient cohort, age, sex, median household income national quartile for patient ZIP code, number of diagnoses and chronic conditions on record, and CCI were all significant predictors in a multiple regression model (Table 9) . 
DISCUSSION
We reviewed all patients undergoing ACDF in either an inpatient or ambulatory setting in 3 states over 3 yr. Our study found ambulatory ACDF to be statistically noninferior to inpatient ACDF in all clinical outcomes, including when patients were stratified by CCI. Additionally, our study found that actual costs associated with initial operation as well as 90-d cumulative charges (including charges associated with the initial operation as well as all emergency department visits, hospital readmissions, and revisits to ambulatory surgery centers), were significantly lower for outpatient ACDF vs inpatient ACDF.
Recently, significant attention has been paid to potential methods of reducing cost per episode, with spine surgery a particular area of focus for healthcare policy makers and payers. 21 One method may involve performing elective, high volume surgeries in the outpatient setting. Several studies have shown good outcomes for procedures in other surgical subspecialties when performed in an outpatient setting. 22, 23 According to the Ambulatory Surgery Center Association (ASCA), the Centers for Medicare and Medicaid Services uses the same fee schedule, known as the hospital market basket, to calculate payments for hospital-affiliated ambulatory surgery centers, also known as HOPDs, as for their affiliated inpatient facility. 24 At the same time, procedures performed at freestanding ambulatory surgery centers are reimbursed according to a different schedule (the Consumer Price Index-Urban) at rates that are lower than payments to HOPDs (with average payments 59% of the HOPD rate in 2009, 58% in 2010, and 56% in 2011). 24 In this light, a hospital's incentive to transfer its ACDF procedures from its inpatient facility to its own outpatient facility would be the ability to bill on a similar schedule, but with presumably lower overhead costs of keeping a patient in the outpatient department for an average of 0.36 d vs in the inpatient unit for an average of 1.78 d (see length of stay data in Table 3 ). Surgeons may be reluctant to perform more procedures in the ambulatory setting if they perceive additional risk involved in same-day discharge vs longer inpatient monitoring or if they believe they will be reimbursed at lower rates for these procedures. Although our financial data do not contain information on surgeon compensation, we do not believe there to be a difference in surgeon reimbursement rates between procedures performed at a hospital's inpatient unit vs that hospital's outpatient department, and, therefore, no incentive for a surgeon to limit his or her practice to the inpatient unit. Given the novelty of independent, freestanding ambulatory surgery centers not affiliated with inpatient hospitals, it is difficult to understand how surgeon reimbursement rates at such centers compare with those at hospital-affiliated centers. It is true that patient selection based on surgeon preference for higher reimbursement (especially in the case of surgeonowned ambulatory surgery centers, that have, since the years accounted for by our data, been allowed to continue operations under existing ownership schemes by the Patient Protection and Affordable Care Act in 2012) and risk avoidance likely Significant predictors in a multiple regression model of 90-d total charges after ambulatory ACDF were patient race, median household income quartile for patient's ZIP code, location on the rural-urban continuum, number of diagnoses on record, number of chronic conditions on record, and number of levels fused. Significant predictors in a multiple regression model of 90-d total charges after inpatient ACDF were patient age, sex, median household income quartile for patient's ZIP code, number of diagnoses on record, number of chronic conditions on record, and CCI. 95% CI = 95% confidence interval.
accounts for some of the differences in outcomes we show in our manuscript, but nonetheless, the differences in clinical outcomes especially when stratified by CCI reflect the advantages of performing ACDF in an outpatient setting regardless of financial motives. We believe our study to be the first to demonstrate such an effect on a large, nationwide scale, suggesting that ACDF is safe and cost-effective when performed in an outpatient environment. When comparing the cost of ACDF at an institution's inpatient hospital vs the same institution's attached outpatient department, we found that costs were significantly higher for inpatient ACDF ($19 465.55 ± $7974.73) outpatient ACDF performed at the same institution ($9479.25 ± $3675.04). Interestingly, while the average cost of inpatient hospital-affiliated outpatient ACDF was similar to all outpatient ACDF regardless of the center's inpatient hospital affiliation, the cost of inpatient ACDF was higher when performed at a hospital with an affiliated outpatient center ($19 465.55 ± $7974.73) than the average cost of ACDF performed at any inpatient hospital regardless of presence of affiliated outpatient unit ($15 624.63 ± $9341.03). This finding suggests that the presence of an attached ambulatory surgery center is associated with an increased cost of inpatient surgery. The reasons for this discrepancy are likely multifactorial but may include more staff contact and more technology utilized at centers large enough to have an affiliated ambulatory surgery center.
This study demonstrates ambulatory ACDF to be noninferior to inpatient ACDF in terms of mortality, 30-d ED visit rates, 30-d readmission rates, and 30-d reoperation rates, and less costly than inpatient ACDF in terms of actual costs and 90-d bundled charges. In the ambulatory cohort, there were no occurrences of early returns to the OR for these complications, no postoperative deaths, and no increase in 30-d ER visits after surgery. We further demonstrate noninferiority of outpatient 1 or 2 level ACDF when compared to inpatient surgery, even when CCI was adjusted for. However, there were significant differences in the baseline characteristics of both groups ( Table 1 ). The outpatient cohort was more likely to be younger, male, and white; more likely to reside in wealthier ZIP codes and to live in urban areas; and less likely to suffer from comorbid conditions, suggesting we cannot rule out confounding based on this observational study.
Our findings expand upon several previously reported clinical series. Silvers et al 4 first reported a comparison of 50 outpatient and 53 inpatient single-and 2-level noninstrumented anterior cervical decompressions, revealing an average savings of approximately $1800 per patient for outpatient procedures. Stieber et al 5 further demonstrated that when outpatient ACDF is performed at C4 to C5 or below as the primary surgery in the absence of myelopathy, the major complication rate was 0% with no readmissions, and transient dysphagia was the most common complaint in 10% of the population. 5 Several groups have described outpatient single-and multiple-level ACDF in single-center clinical series, demonstrating feasibility of safely discharging patients postoperatively. More recently, McGirt et al 25 analyzed 7288 ACDF cases from the NSQIP database to demonstrate that morbidity and reoperation rates were significantly lower in outpatient vs inpatient ACDF. The statistical significance of the findings remained after propensity score matching of the inpatient and outpatient cohorts.
Our study, however, remains the largest such series to date, and is the first to study this issue on a population level with 30-d outcomes and ED visits. This has particular significance given the move towards value based healthcare and potential implementation of 90-d bundled payments. 26 Early complications after ACDF can be life-threatening, including wound hematoma causing airway compromise and acute esophageal injury causing mediastinitis. 27 The concern for these, and of inadequate pain control upon discharge, are often cited as reasons for performing ACDF as an inpatient, to ensure a prolonged period of monitoring for these complications. 28 The data from this analysis suggest that the risk may not be reduced by performing the procedure as an inpatient, and may be safely minimized in an outpatient setting. An alternative explanation is that surgeons are already self-selecting for inpatient surgery patient cohorts more likely to suffer a perioperative complication or readmission. The inpatient and ambulatory cohorts were significantly different in age, CCI, number of diagnoses, and number of chronic conditions on record, and suggest a preoperative self-selection; this stands as a caveat to our data on readmission rates. An alternative explanation may be related to density of ambulatory surgical centers in higher income areas. 3 Optimal patient selection for outpatient ACDF requires further investigation.
Optimal postoperative monitoring in the outpatient setting may include several hours of observation, swallowing evaluation, wound and neurological monitoring, and pain assessments. Furthermore, the ability to transfer the patient for further observation and treatment expeditiously if necessary to an inpatient setting is likely important. Adamson et al 29 recently reported 1000 consecutive patients undergoing ACDF in an outpatient setting with a surgical complication rate of 1%. 29 Moreover, all 8 patients needing transfer to inpatient setting were appropriately identified during the 4-h postoperative monitoring window. Lied et al 9 stratified postoperative ACDF patients into 3 windows (less than 6 h, 6-72 h, and greater than 72 h) and studied complication rates. Of the 9% of patients experiencing complications, all but one fell into the less than 6 or greater than 72 h window suggesting further observation may not be needed. 9 Several predictors of cumulative 90-d charges for patients undergoing ACDF, including number of levels fused, age, sex, number of comorbidities, and several socioeconomic variables including race, median income quartile of ZIP code, and rural vs urban geographic location are identified in this study (Tables 7 to 9 ). Further research is warranted to clarify the role of socioeconomic factors in determining hospital and ambulatory surgery center charges for surgical procedures such as ACDF.
Limitations
One limitation was that the location and number of surgical levels were not classified in the inpatient ACDF cohort. However, the proportion of 1-level cases to 2-level cases in the ambulatory group was consistent with the overall literature of all inpatient ACDFs performed, 29 and it is likely that the inpatient cohort (all inpatient ACDFs in 3 large US states) are representative of the literature in terms of levels fused. Similarly, our study omits comparison of 3-level ACDF. Our study was also limited to 3 states within the country, and it is possible the results are not generalizable. These states, however, account for 3 geographically distinct regions of the United States and a significant proportion of the US population, and each of these states includes counties with a diverse range of socioeconomic characteristics. In addition, these particular state databases represent an advantage over national databases such as NIS, as they include all discharges from hospitals, ambulatory surgery centers, or emergency departments in a given year, irrespective of insurance status, and provide linkage between healthcare encounters to provide followup beyond the initial hospitalization. Our study utilized data grouped by year of admission, and thus may have underestimated re-encounter rates for patients closer to the end of the 3-yr study period, as we did not analyze re-encounters for our patient cohort after 2011. However, the re-encounter rates we report are concordant with existing data, 29, 30 suggesting that our methodology accurately estimates complication and re-encounter rates. Another limitation is that long-term outcomes could not be analyzed given the constraints of our data source. However, our focus in this work was on short-term clinical outcomes, with an emphasis on safety, of outpatient ACDF. Performing this procedure in an ambulatory setting should not affect patients' baseline factors; whether performing ACDF in an outpatient setting affects surgical technique in another way, or generates a hitherto unrecognized surgical factor that affects long-term outcomes, remains a topic for further investigation. However, no study to date, to our knowledge, poses a reason to believe that long-term outcomes are significantly different after outpatient surgery. As with all studies utilizing large sample sizes, statistically significant odds ratios, as for nonzero CCI as a predictor for reoperations after inpatient ACDF (Table 6 ), may not necessarily represent a clinically significant risk. An additional limitation to these results, inherent in analyses of administrative datasets, is the potential for incorrectly coded encounters. Importantly, difference in key patient characteristics between the two cohorts and the observational nature of this study cannot allow us to rule out the possibility of the presence of confounding. Finally, the analyses include only hospital, ER, and surgical center-based encounters and potentially exclude postoperative complications addressed in a primary care physician's office or a specialist's outpatient clinic. These, however, likely represent only a relatively small contribution to cumulative costs and overall postoperative morbidity.
CONCLUSION
ACDF may be performed in an ambulatory setting with comparable morbidity and readmission rates, and lower costs, to those performed in an inpatient setting. Further studies are warranted to optimize patient selection for outpatient surgery.
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